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4.1.3 Catalyst coated membranes (CCMs) 

5 RESULTS AND DISCUSSION 
5.1 Descriptive analysis of cathodic electrode production 
5.1.1 Size reduction process of catalytic ink for cathodic catalyst layers 
Fig. 5.1 
0
50
100
150
200
0,01 1 100 10000
v
o
lu
m
e
 d
e
n
s
it
y
 (
%
) 
size (µm) 
Ink (7d)
catalyst slurry
catalyst powder
ionomer
A B 
Fig. 5.2 A B
f
f
f
f f
0
5
10
15
20
0,25 0,5 0,75 1 2 3 24 48 96 168
p
a
rt
ic
le
s
 <
 0
.3
 µ
m
  
(%
) 
mixing time (h) 
0,001
0,01
0,1
1
10
100
0,25 0,5 0,75 1 2 3 24 48 96 168
s
iz
e
 (
µ
m
) 
mixing time (h) 
Dv(50)-Dv(90)
Dv(10)-Dv(50)
* 
* 
* 
A B 
Fig. 5.3 
A B f
A B 
1E-05
1E-03
1E-01
1E+01
1E+03
0,1 1 10
s
c
a
tt
e
ri
n
g
 i
n
te
n
s
it
y
 (
%
) 
scattering vector Q (Å-1) 
ionomer
Ink 1h
Ink 1d
Ink 7d
2,89 
1,42 
0,24 0,17 
0,0
1,0
2,0
3,0
ionomer 1h 1d 7d
fr
a
c
ta
le
 d
im
e
n
s
io
n
 
> 1: aggregated 
< 1: non-aggregated 
Table 5.1 
sample Separation 
boundary (min) 
v
sed
 (µm/s) 
at 2325 g 
Fig. 5.4 A
B
105
110
115
120
125
130
0 5 10 15 20
p
o
s
it
io
n
 (
m
m
) 
time (min) 
catalyst slurry
Ink 1h
Ink 1d
Ink 7d
0
60
120
180
0,01 0,1 1 10 100
v
o
lu
m
e
 d
e
n
s
it
y
 (
%
) 
size (µm) 
catalyst slurry
Ink 1h
Ink 1d
Ink 7d
5.1.1.1 Summary catalytic ink analysis 
 f
A B 
Fig. 5.5 A B
0,001
0,01
0,1
1
10
100
1h 1d 7d
s
iz
e
 (
µ
m
) 
Dv(50)-Dv(90)
Dv(10)-Dv(50)
GROUP 1 GROUP 2 
5.1.2 Determining the electrode´s microstructure by morphological analysis 
5.1.2.1 Surface analysis of cathodic electrodes 
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5.1.2.2 Cross-sectional cathode characterization 
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5.1.2.3 Micropore analysis by gas sorption 
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5.1.3 Electrochemical component testing 
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5.1.4 Conclusion 
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5.2 Does the ionomer loading influence the pore size distribution and the overall electrode 
microstructure characteristics? 
5.2.1 Catalyst dispersion analysis 
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5.2.2 Electrode analysis 
5.2.2.1 Surface analysis using imaging techniques 
5.2.2.2 Cross-sectional characterization 
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5.2.2.3 Gas sorption analysis 
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5.2.3 Electrochemical component testing 
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5.2.4 Conclusion 
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5.3 CL microstructure tuning by particle size distribution variation of catalytic inks 
5.3.1 Catalyst dispersion analysis 
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5.3.2 Electrode analysis 
5.3.2.1 Surface analysis 
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5.3.2.2 Pore size analysis using gas sorption technique 
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5.3.3 Electrochemical component testing 
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7.2 Functional properties of cathodic catalyst layers 
7.2.1 Sheet resistance 
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7.2.2 Adhesion force between catalyst layer and a substrate 
A B 
C 
Fig. 7.4 
A B C
 
(i) MT variation. 
 
 
 I/C variation.
17,2 
22,6 
28,6 
0
10
20
30
1h 1d 7d
te
n
s
ile
 a
n
d
 s
h
e
a
r 
s
tr
e
n
g
th
 (
N
) 
mixing time 
16,2 17,3 16,1 
20,8 
0
10
20
30
1.00 1.10 1.20 1.35
te
n
s
ile
 a
n
d
 s
h
e
a
r 
s
tr
e
n
g
th
 (
N
) 
I/C ratio 
14,4 
15,0 
14,1 
12,5 
15,2 
12,4 
17,1 
7,9 
0
5
10
15
20
25
30
1 2 3 4 5 6 7 8
te
n
s
ile
 a
n
d
 s
h
e
a
r 
s
tr
e
n
g
th
 (
N
) 
sample # 
design 1 
design 2 
design 3 
 PGV variation. 
8 APPENDIX 
8.1 Samples for chapter 5.1 “Descriptive analysis of cathodic electrode production”. 
MT project name DMC KCD DMC Ink  
 Samples for chapter 5.2 “Does the ionomer loading influence the pore size distribution 
and the overall electrode microstructure characteristics?
I/C project name DMC KCD DMC Ink  
 Samples for chapter 5.3 “CL microstructure tuning by particle size distribution variation 
of catalytic inks
# project name DMC KCD DMC Ink  
 Samples for 5.4 Discussion: Do the ink property settings determine the electrode mi-
crostructure independent of the deployed mixing technology?”.
# project name DMC KCD DMC Ink  
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